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ABSTRACT

Cosmetic business is one of the major billers of the global economy since it serves a market which is growing up continuously due to different
reasons such as consumer behavior changes, technological and scientific developments, in addition to the rise in consumer awareness. This review
focuses on giving an idea about the importance of the cosmetics industry some details about how the change in the customer demands encourages
innovation in this sector. Nowadays, the growing awareness of the clean beauty is considered a trend, where the chemical-free, ethical, and
sustainable products are of higher interest for most customers. It is worth to mention that the industrial practices for cosmetics are changing due to
the developing personalized skincare and haircare products, as well as, environmentally friendly packaging, and the use of artificial intelligence in
product creation and promotion.

This review focuses on the use of nanotechnology in cosmetics and dermatology products. The use of nanotechnology helped in improving the
active components' stability, penetration, and effectiveness. Particularly useful for sun protection anti-aging treatments, in addition to the targeted
administration of active ingredients such as Nano emulsions, liposomes, and nanoparticles. This review offers a detailed information about the
recent developments and trends in the cosmetics industry, focusing on how nanotechnology could be used to meet the changes in consumer needs

taking into consideration sustainability and safety issues.
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INTRODUCTION

Beauty has an important role in the well-being of many individuals. It
influences a person’s confidence and how they might be commonly
assessed. Generally, an individual's outward look might provide
information about their health because everything that happens on the
surface of the skin is an expression of what is going on within [1].
Therefore, cosmetics, when worn, generally gives radiance to the skin
and helps to improve the total countenance of people.

Beauty items and cosmetics make up one of the world's major
worldwide industries. The Federal Food, Drug, and Cosmetic Act (FD
and C Act) defines cosmetic as "articles intended to be rubbed,
poured, sprinkled, or sprayed on, introduced into, or otherwise
applied to the human body for cleansing, beautifying, promoting
attractiveness, or altering the appearance” [2]. So, certain products
that are commonly known as "personal care products" are classified
as cosmetics by legislation. These contain items like toothpaste, nail
polish, shampoo, and skin moisturizer, among others [3, 4].

In previous years, there have been an increment in the number of
global environmental movements closely connected to factors like
pollution, deforestation, animal welfare, climate change, and
biodiversity losses. Human activities are mostly responsible for
these factors, which have partly contributed to the increasing need
for cosmetics. Therefore, the recent trend of research is to develop
cosmetics that can withstand the changing environmental factors
while maintaining its beauty-related performances.

As personal care products increasingly address both physical and
emotional demands, the relationship between health, beauty, and
well-being has taken center stage in contemporary consumer
behavior. One example of a direct link between cosmetics and health
is the marketing of skincare products that contain probiotics, which
are touted for their capacity to enhance skin health and promote
overall microbiome balance. According to some studies, products
like SPF-containing cosmetics or tinted moisturizers shield the skin
from damaging UV rays, serving the dual purposes of preserving
health and enhancing appearance [5].

Additionally, consumer studies demonstrate the positive effects of
cosmetics on mental health. 60% of people with skin disorders said

that using cosmetics that were customized for their needs increased
their confidence, according to a 2018 British Skin Foundation
survey. Makeup treatment has also been used with cancer patients
receiving chemotherapy, and it has been shown that applying
cosmetics improves self-esteem and lowers anxiety [6].

In the field of hair care products that contain natural elements like
keratin or argan oil not only improve the look of hair but also shield
it from environmental harm, therefore promoting health-related
objectives. When taken as a whole, these instances show how the
cosmetics sector is changing to promote holistic well-being by fusing
visual appeal with real health advantages.

In order to provide a thorough understanding of how different
factors influence the development of the cosmetics business, this
research methodically examines the junction of market trends,
technological advancements, and sustainability issues. In addition to
highlighting  technological = developments  like  Al-driven
personalization and environmentally friendly packaging options, it
looks at new consumer preferences like the rising desire for natural
and organic products. The assessment also explores the difficulties
in striking a balance between environmental responsibility and
profitability, focusing on important topics, including waste
management, water use, and carbon emissions. By combining these
elements, the assessment offers a comprehensive viewpoint on the
dynamics of the sector today and where it is headed [7, 8].

A thorough literature search was conducted using predetermined
keywords to find all pertinent articles published up to 2024 in Web
of Science (http://www.webofknowledge.com), ResearchGate
(https://www.researchgate.net), Pub Med
(https://pubmed.ncbi.nlm.nih.gov), and Google Scholar
(https://scholar.google.com). Both phrase and text words were
used. Among the most popular terms were "cosmetics," "demand,"
"new trends," "natural products,” and, lastly, "nanotechnology in
cosmetics."

Importance of the cosmetics industry

The industry's consistent rise indicates how concerned and
interested customers are in their personal hygiene and appearance.
For ages, cosmetics have been a significant part of human history. It
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has been utilized in religious rites, attractiveness enhancement, and
health promotion. Both men and women utilize cosmetics
extensively in their daily lives, particularly since they are aware of
the importance of appearances and attractiveness. For example,
there are many individuals who want to look younger and more
attractive, either in order to boost their self-esteem or otherwise.
This among other factors has largely contributed to the expanding
cosmetic industry [9].

By using safe components, consumers are now encouraging
innovation in cosmetics. Consumers have recently going for natural
cosmetics for the skin by the use of active ingredients, and they are
willing to invest more on having products that helps to get better
skin features such as appearance and UV resistance [10]. As part of
this development, researchers have investigated the use of food-
derived elements to create "healthier" cosmetics [11].

Based on scientific studies on tretinoin administration for Ultra
Violet radiation (UV)-damaged skin, the term "cosmeceutical” was
originally used in 1962 by Raymond Reed [12] and later popularized
by Albert Kligman [13] and Fetham and their research group in 2018
[14]. Cosmeceuticals refer to topical medications that affect the
function and appearance of the skin; these goods combine the terms
"cosmetic” and "pharmaceutical,” making them more than just basic
cosmetics. According to science, cosmeceuticals are like
pharmaceuticals in that they operate pharmacologically or
physiologically to have a long-lasting impact [12-15].

The targeted benefits and scientific foundation of cosmeceuticals set
them apart from conventional cosmetics. Conventional cosmetics,
like moisturizers, lipsticks, and foundations, are mostly used to
improve appearance. Their effects are usually superficial and
restricted to the skin's exterior layers. Cosmeceuticals, on the other
hand, are goods that fall in between pharmaceuticals and cosmetics
and have active components that affect the biological processes of
the skin. Retinoids, peptides, and antioxidants are examples of active
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ingredients that are designed to go deeper into the epidermis and
provide therapeutic effects like wrinkle reduction, increased skin
suppleness, and hyperpigmentation treatment. However,
"cosmeceuticals” are not officially recognized as a category by the
United States Food and Drug Administration (U. S. FDA), which
results in regulatory variations around the world. The effectiveness
of cosmeceuticals is confirmed by scientific study; for example,
studies show that vitamin C helps to promote collagen formation
and defend against oxidative stress. This functional distinction
highlights how cosmeceuticals combine the benefits of scientifically
established skin health with beauty [12-15].

Over time, other terms such as "Nutraceuticals" and
"Nutricosmetics" have emerged (fig. 1). DeFelice et al gives a
definition for nutraceuticals as "any food or part of a food that
provides medical or health benefits" [16]. The benefits of
components generated from food and their effects on human health
were discussed in the 1980s, when this idea began to garner greater
attention [15-17]. According to Pearson (2018), these active
ingredients were thought to be crucial for both the skin's anti-aging
benefits and protection against injury. On the other hand,
nutricosmetics, commonly known as "beauty pills", "beauty from
within", or "oral cosmetics" is defined as "the consumption of food
or oral supplements to produce an appearance benefit" [15-18].

All these ideas emerged from the belief that food is all around us and
can affect the body of the human, including the skin. Vegetables and
fruits, for instance, contains a wide range of antioxidants [19]. As a
result, cosmetics particularly play a crucial role in a woman's beauty
regimen as she expresses her femininity, individuality, and dignity
as well as her modernity, freedom, and social revolution. The first
significant accomplishment of the beauty industry was achieved few
decades ago when the cosmetics industry succeeded in
emancipating and self-representing as a beauty ideal and linking it
to the desire for consumption [20].

Nutricosmetics

Food

5]

Cosmetic

Nutraceuticals

Nutrition
Beauty
Health

»

0 Cosmeceuticals

Pharmaceuticals

Fig. 1: Cosmeceutical vs nutraceutical vs nutricosmetic [20]

The utilization of food-derived active ingredients, which combine
the advantages of natural compounds with the functionality of
skincare products, is one of the noteworthy innovations in the
cosmeceutical sector. For instance, antioxidants with anti-aging and
skin-rejuvenating qualities, such as resveratrol from grapes and
polyphenols from green tea, are increasingly commonly employed.
The addition of the fatty acids such as Omega-3, which are obtained
naturally from the oils extracted from fish and aid in reducing
inflammation and enhancing skin moisture, is another example. In
addition to being high in bioactive components, these food-derived
substances frequently exhibit a kinder, more environmentally
friendly approach to skincare than their synthetic counterparts.

However, regulatory frameworks present serious obstacles to the
utilization of cosmeceuticals. Because cosmeceuticals are not subject
to the same stringent clinical trials as pharmaceuticals, the FDA in
the US views them as cosmetics, which could result in inconsistent
statements about the efficacy of the products. Although the term

"cosmeceutical” is still unclear, the European Union has more
stringent laws that require cosmeceuticals to prove their safety and
effectiveness through clinical research. Some nations in Asia, where
natural and traditional remedies are important for skincare, have
started to see the promise of food-derived cosmeceuticals but are
having trouble classifying them within the current pharmaceutical
or cosmetic categories. Concerns over product safety and consumer
trust are also raised by these disparate standards, which make it
difficult for producers to ensure worldwide compliance. These
variations show how difficult it is to regulate a sector that is
becoming more and more reliant on cutting-edge, multipurpose
substances that combine health and beauty [16, 18].

Market demand for cosmetic products

The cosmetics market, according to Statista, has been expanding
yearly and was valued at an astounding 500 billion dollars in 2019
[21]. Like what happened in the food business, rising consumer
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knowledge of environmental and health concerns coincides with the
trend of growing popularity. Customers are becoming more aware of
ethical behavior, which includes natural ingredients, sustainable
packaging, vegan and animal welfare. The question of how consumer
preferences interact with the industry and whether consumers care
about sustainability and ethical cosmetics is warranted given this
adaptation of consumer demand. This will be explored by analyzing
data released from global public opinion and data company Yougov,
and data released from audience targeting company Global Web
Index for the global marketing industry [22].

The global beauty market has expanded at an average annual rate of
4.5% over the past 20 y, with Cosmetic Annual Growth Rates (CAGR)
ranging from roughly 3% to 5.5%. This market, also referred to as
cosmetics and toiletries or personal care products, has
demonstrated its ability to grow steadily and continuously,
reinforcing its resilience in the face of adverse economic situations.

The five primary business segments that comprise the global beauty
market are typically skincare, haircare, color (make-up), fragrances,
and toiletries. These markets complement one another, and because
of their diversity, they can meet the demands and expectations of
every customer when it comes to cosmetics. Depending on the brand
prestige, price, and distribution channels, beauty items can also be
separated into luxury and mass manufacturing groups. When
looking at the global sales in 2010, the mass category accounted for
72% of total sales, with the luxury segment making up the remaining
28%. The developed markets, primarily the US, Japan, and France
account for most global sales in premium cosmetics [23].

As for the regional component, this market can be divided into areas
that are dominant, whose contribution to global revenues is the
largest, and periphery regions, whose contribution is very modest.
The former comprises regions like both North and Latin America,
Asia-Pacific, and Western Europe which are considered the largest
global revenue shares. Likewise, the cosmetics markets in the BRIC
(Brazil, Russia, India, and China) nations have expanded rapidly
since the year 2000. There, the markets for personal care and
cosmetics have significantly flourished, thereby contributing notably
to the overall expansion of the global industry [24].

According to Leonard (2011), these four nations alone accounted for
21% of the global beauty business in 2010 and will account for 25%
of the market value overall by 2015. Currently, most of the biggest
global producers of cosmetics are concentrating on growing their
market share in the BRIC countries. However, their largest challenge
is determining how to make their brands relevant to consumers in
areas where the customs and cultures of the customers are so
dissimilar from their own [25].

Estimates from a number of sources show that the global cosmetics
market has grown significantly in the last several years. Grand View
Research estimates that the market would reach an estimated USD
445.98 billion by 2030, having grown from 2024 to 2024 at a
compound annual growth rate (CAGR) of 6.1%. In 2023, the market
was valued at about USD 295.95 billion. The market is expected to
reach USD 758.05 billion by 2032, with a compound annual growth
rate (CAGR) of 9.8% during the forecast period, according to Fortune
Business Insights, which estimated a higher valuation, estimating
the market size at USD 374.18 billion in 2023 [26].

Differences in market definitions, research methodology, and the
range of items included in the assessments are the reasons for these
discrepancies in market size estimations. Notwithstanding these
differences, it is generally agreed that the cosmetics industry is
predicted to grow at a strong rate due to factors like growing
consumer awareness of one's appearance, the integration of
skincare and hair care products into daily routines, and the growing
demand for natural and organic cosmetics [26].

The mass market has become more important to cosmetic
companies due to the recent development in the Latin American
market, especially in the fragrance category, where mass brands are
the dominant player. The ongoing diversification of product
offerings in relation to product line prices is a noteworthy
development, given the introduction of new product lines at lower
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price points. The development of mass product lines that are seen as
prestigious (masstige) in more developed economies, where
premium goods have historically predominated (Japan is a good
example), is another intriguing development. The reason for this
trend is that customers have realized that mass-market products,
particularly in the category of color cosmetics and skincare
products, can match the quality of premium brands. It is also
important to note that while mass-produced goods were mostly
responsible for the sales increase, luxury companies are typically the
ones introducing new developments.

Regarding to "Masstige" products, which combine the terms "mass"
and "prestige,” are a new market for cosmetics that provide high-
end goods at more reasonable costs. These goods appeal to
customers looking for a hint of luxury without the high cost by
bridging the gap between luxury and drugstore brands.

L'Oréal Paris Revitalift, a skincare line that uses cutting-edge anti-
aging chemicals like hyaluronic acid, which are usually found in
luxury goods, is an example of a masstige product that is yet
reasonably priced. Known for its long-lasting, high-performance
formula, Maybelline New York SuperStay Matte Ink Liquid Lipstick
produces results on par with those of high-end lipsticks. A popular
skincare product that provides noticeable anti-aging benefits at a
fraction of the price of high-end moisturizers is Olay Regenerist
Micro-Sculpting Cream.

Consumer demand for affordable luxury, the rise in middle-class
spending, the impact of digital marketing, and product development
innovation are some of the causes contributing to the masstige
category's expansion [27].

Two tendencies can be observed in the latest product innovations:
long-lasting products and those which save time. The requirement of
today's constantly busier consumers, who wish to give less time on
their daily basis beauty routine, is met by time-saving goods. Many
studies have been conducted as a result, leading to the development of
goods like quick-dry nail polish and multi-preparations like 3-in-1
shower gel, face wash with shaving foam, and hybrid face treatments
that combine aspects of skincare, makeup, and sun protection.
Nevertheless, because they can be applied more sparingly than
conventional cosmetics, long-lasting cosmetics are said to have a
favorable price-value ratio [25]. This includes products like long-
wearing lipsticks, nail paints, and skincare products with 24-hour
hydration. Manufacturers have responded to the increasing trend of
customers delaying professional skin treatments by offering DIY (Do It
Your Self) products that can be applied at home. This option enables
people to prolong the benefits of professional treatments longer than
it used to be [25].

Analyzing the trends of the global cosmetic market over the 21st
century, it can be inferred that the need for cosmetics will only
increase, driven mostly by rising the flog markets in Latin America
and Asia. This will lead to the development of new goods, alter
consumer behavior, and possibly establish new standards for
beauty. And because their new customers come from diverse, non-
Western cultures and behave differently, international cosmetics
producers will need to differentiate their products to meet their
expectations. In this regard, the industry with the greatest room for
expansion is skincare. For the foreseeable future, it will continue to
be the leading section of the cosmetics market. Mass sales of
cosmetics will determine the market's success because they will be
the benchmark for the whole industry. The massive market will
expand thanks to growing knowledge that mass and prestige
cosmetics are nearly identical. As supermarkets, hypermarkets, and
internet sales channels grow their market shares, the distribution
system will also evolve. And finally, more new product launches are
predicated on cutting-edge technologies and research. Conversely,
there could be a rise in the market for sustainably produced organic
goods, frequently made in line with the fair-trade ideology [25].

In regard to consumer behavior in developed versus developing
countries, it should be taken into consideration that due to the
differences in economic situations, social structures, cultural
elements, and resource accessibility, consumer behavior varies
greatly across developed and developing economies. Global trends
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have an impact on both kinds of economies, but the fundamental
elements influencing consumer decisions are particular to each
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setting. Table 1 summarizes a comparative analysis of consumer
behavior in developing and developed countries [28, 29].

Table 1: Comparative analysis of consumer behavior in developing and developed countries

Comparison factor Developed economics Developing economics Reference
Economic factors and Consumers in industrialized nations like the US, Japan, Customers in emerging nations, such those in Brazil, [28, 29]
purchasing power and Western Europe typically have more disposable India, or Southeast Asia, tend to be more price-

income, enabling them to place a higher value on quality sensitive and have less disposable cash. These

and brand recognition than on price. These customers customers frequently prioritize cost-effective solutions,

appreciate a wide range of options in areas like fashion, value for money, and fundamental demands. However,

cosmetics, and technology and frequently spend more on there is a growing demand for higher-value goods as

luxury and non-essential things. these economies mature and the middle class expands.
Brand loyalty and In developed economies, where consumers are more In general, customers in developing nations are more [16,18]

consumer trust

Technology and
digital engagement

Cultural influences
and consumption
patterns

Sustainability and
ethical consumption

likely to select established and reliable brands, brand
loyalty is frequently higher. Because of their long-standing
association with multinational corporations, customers in
developed economies are likely to continue with brands
they trustin sectors like food, technology, and beauty.
Consumers are effectively included into the digital
environment in industrialized economies. With a high
rate of online shopping, e-commerce is a significant
consumer driver.

Individualism, with an emphasis on self-expression and
personal preferences, tends to drive consumer behavior in
developed economies, especially in the West. Purchase
decisions are more likely to be influenced by the
requirements, preferences, and experiences of the
individual customer.

The demand for sustainable, environmentally friendly,
and ethically sourced products is high and rising in
developed economies, especially in Western nations.
Customers in these areas are more inclined to pay more
for products that support social causes or are produced

sustainably.

willing to try new products and brands. In many areas,
the idea of "brand loyalty" is still developing as
consumers are influenced by price sensitivity and the
novelty of imported goods.

Digital participation is increasing quickly in developing  [27]
economies, especially among younger people. The full
potential of e-commerce is still hampered by issues

including poor logistical systems, restricted internet

access, and mistrust of online transactions.

Collective values and family-oriented choices [28, 29]
frequently influence consumer behavior in developing

nations. Decisions can be significantly influenced by

social standing and societal acceptance.

The main focus remains on availability and price. [22]

Consumers in nations like Brazil and India are
beginning to place a higher priority on eco-friendly
items as their disposable budgets increase, but
aspirational consumers are frequently at the forefront
of this trend. Price sensitivity is still a significant
consideration, though, and metropolitan areas have a
stronger need for sustainability than rural ones.

There are a number of significant differences between the purchasing
power, brand loyalty, technology engagement, and sustainability
concerns of consumers in developed and developing economies.
Consumers in developing nations are frequently more concerned with
cost, value, and trying new things than consumers in developed
nations, who are more likely to appreciate quality, luxury, and brand
loyalty. These trends are probably going to change as emerging
markets' economies continue to expand, bringing developed and
developing economies' purchasing patterns closer together.

New trends in the cosmetics industry

From creative product formulas to environmentally friendly packaging
options, the cosmetics industry is always changing and new trends
appear regularly. Although these tendencies spur expansion and meet
shifting customer needs, they also have serious drawbacks, especially
in terms of cost-effectiveness and scalability. These restrictions may
make it more difficult for some trends to gain traction and present
difficulties for companies looking to stay profitable [30].

The limitations and restrictions are summarized in the following:

e  Scalability of Novel Product Lines and Formulations Companies
are always coming up with innovative formulations, such those that
incorporate biotechnology, plant-based components, and high-
performance actives, in response to the growing demand for
sophisticated skincare and beauty products. But implementing these
improvements on a larger scale can be very difficult especially in
ingredient Sourcing and Sustainability as well as Production
Complexity.

e (Cost-Effectiveness of Eco-Friendly and Sustainable Initiatives:
As consumers want more cruelty-free, environmentally friendly
products with recyclable or biodegradable packaging, sustainability
has emerged as a significant trend in the cosmetics sector. However,
there are frequently substantial financial and logistical barriers to
adopting these sustainable methods. Examples of these barriers are
the higher Production Costs and complex supply chains.

e Cost Barriers and Technological Integration: The incorporation
of cutting-edge technologies like Augmented Reality (AR), Artificial
Intelligence (Al), and customized skincare products is another new
trend in the cosmetics sector. These developments have the
potential to improve the customer experience, but they also present
a number of scalability and cost-efficiency issues, such as the High
Initial Investment, in addition to Limited Adoption.

e Customer Requests for Customization: Among the newest trends
are customized beauty goods and services, such as skin care routines
catered to a person's particular skin type or makeup hues that
complement their undertone. But there are drawbacks to offering
personalized experiences on a big scale which could be summarized
in Cost of Customization and Logistical Challenges.

e Compliance with Regulations and Variability in International
Markets: such as natural goods, clean beauty, and advanced
biotechnology become more popular, cosmetic companies have to
deal with a patchwork of national regulatory systems. The scalability
of some trends may be hampered by these regulations.

Exciting new trends are emerging in the cosmetics sector, but their
scalability and cost-effectiveness are severely constrained.
Businesses must carefully strike a balance between innovation and
operational viability, given the high costs of sustainable practices,
the difficulties in creating customized products, and the difficulties
in scaling up novel formulas and technologies. Although these trends
have a lot of room to develop, addressing these obstacles while
maintaining customer affordability and quality is necessary to move
toward widespread acceptance [30].

Natural cosmetics

Recently, there have been several research groups working on
developing new active ingredients for beauty products. They have
been processing food and plant waste to produce antioxidants,
antimicrobials, and antiaging chemicals. This has made it possible to
replace the synthetic chemicals commonly used in the cosmetic
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business by selectively extracting phytochemicals, primarily from
natural materials like vegetables (fig. 2) [31].

This market is expanding and has the potential to address both
environmental recycling concerns and overall global health [32].
Indeed, from a technological, economic, and ecological perspective,
the effective and affordable repurpose of industrial byproducts for
high added-value products in the context of health and well-being
poses a genuine societal problem.

EXTRACTION

of

ADDED-VALUE
PRODUCTS

Int ] App Pharm, Vol 17, Issue 3, 2025, 136-147

One of the most effective ways to prevent skin aging is to regularly
consume fruits and vegetables that are high in biologically active
components [33, 34]. This is because the antioxidant defense, anti-
inflammatory action, photoprotective qualities, collagen production,
and skin cell turnover of nutritional supplements can enhance the
structure and function of the skin [18]. According to Madhere and
Simpson (2010), the concept of "nutricosmetics" combines nutrition,
health, and cosmetics using nutraceuticals and functional meals [18].

Coffee Grounds (Food Waste) —
Antioxidants (Used in skincare products
like anti-aging creams and serums)

Olive Oil Pomace — Squalene
(A key ingredient in anti-aging
and moisturizing products)

Grape Seed Residues — Polyphenols
(Utilized in UV protection products )

Citrus Peel Extracts — Vitamin C

(Incorporated into brightening serums and
creams for skin radiance)

Fig. 2: Conversion of food-industry residues into added-value products to be used in cosmetic industry [16]

Beauty foods, antiaging concoctions, or oral supplements can all
contribute to "beauty from within." A "beautiful face is a healthy
body," according to those who subscribe to this theory [35]. The
distribution of dietary nutrients to all layers of the skin underpins
the benefit of oral supplementation [18, 22]. So, the concept of
adding external supplements to the skin has gained significant
traction in recent times [36, 37]. The cosmetics business was aware
of the possibilities presented by food-based components. However,
there is the concern of whether the nutritional elements included in
cosmetics offer any significant impact on the health and appearance
of the skin, hair, and nails. Depending on the type of formulation,
ingredients can be properly delivered to the skin, topically
administered, and adequately prepared [38, 39].

Skin penetration enhancer-containing formulations have the
potential to modify deep skin absorption. In other situations, the
goal of skin supplementation is a superficial cutaneous absorption.
Lipid supplementation, for instance, is meant to address dry skin or
skin barrier damage [37]. According to Pullar et al. (2017), vitamin C
is more effectively absorbed when given topically as opposed to
orally. When applied topically, this vitamin can boost UV-B
protection in sunscreen formulations [40].

In addition to enhancing the structural qualities of the skin, dietary
ingredients with antioxidant qualities (among others) are essential
for protecting the skin from oxidative stress, either individually or in
combination [34]. According to Ascenso et al. (2011) [41], oxidative
stress can be quantified in the context of regular cell metabolism,
exposure to chemicals and pollutants, inflammation, and UV damage.
The primary and widely acknowledged biological effects of
antioxidants on skin cells are outlined as follows:

Vitamins

Vitamins are crucial for maintaining healthy skin. Raw red and green
peppers, oranges, acerola, grapefruits, kiwi, strawberries, broccoli,
and Brussels sprouts are common sources of vitamin C (L-ascorbic
acid, the active form). This is a powerful hydrophilic antioxidant that
can scavenge and quench free radicals [42]. Moreover, it inhibits
Nuclear Factor-kappa B (NF-kB), which makes it a strong anti-
inflammatory drug. Its active form is also necessary for the
manufacture of collagen [43].

As the active form of vitamin E, a-tocopherol, is hydrophobic and
mostly found in vegetables, nuts, seeds, corn, soy, and margarine
[10]. Because it absorbs UV light, it functions as the skin's
antioxidant defense [43]. Even while the effect on skin indicators of
oxidative tissue damage was negligible, an 8-week oral vitamin E
supplementation demonstrated a considerable increase in vitamin E
concentration in the skin. It is interesting to note that vitamin C can
restore vitamin E to its reduced form if it has become oxidized [10,
43]. Therefore, several studies have demonstrated that vitamin C
and E supplementation had a higher effect in preventing UV-induced
skin damage than vitamin C alone. This benefit was likely enhanced
by vitamin E regeneration [44].

Niacin, or vitamin B3, is found in meat, fish, milk, eggs, and nuts, and
it also has antioxidant properties. As an antiaging vitamin, it
decreased inflammation, enhances skin elasticity, and produces
more collagen in vitro [10, 43].

Animal sources like fish and liver produces vitamin A in the form of
retinol [43]. This can also be obtained from eggs and milk. According
to Pearson (2018), it is involved in the regulation of sebaceous gland
activity, reduction of androgen production, modulation of dermal
growth factors, and epidermal differentiation [18].

Carotenoids

Carotenoids are derived from vegetables and are typically found in
foods that are orange, red, or yellow in color [10]. High carotenoid
levels make people appear to have youthful skin. Examples of
carotenoids that contribute to UV photoprotection by scavenging
ROS (Reactive Oxygen Species) include beta-carotene, lutein,
lycopene, and zeaxanthin [11]. These chemicals must be consumed
because humans are unable to produce them [45]. A precursor of
vitamin A with the ability to suppress free radicals is beta-carotene.
According to Evans and Johnson (2010), orange fruits and green
leafy vegetables are the main sources of beta-carotene [46]. Because
B-carotene builds up in the skin and shields it from UV-induced
erythema, dietary supplements containing this compound are
frequently used to protect the skin against sun exposure. With their
antioxidant properties against UV light, lutein and zeaxanthin mostly
accumulate in the macula lutea [11]. However, these molecules are
also present in the skin, where they function as antioxidants and
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blue light blockers [47]. The primary sources of these two
carotenoids are eggs and green leafy vegetables [31].

According to draelos (2010), lycopene is a non-vitamin a precursor
found in most red fruits and vegetables, with tomatoes having the
highest concentration of the compound [10]. There are several
bioactive roles for lycopene [48]. According to Stahl et al. (2006), 40
g of tomato paste with 16 mg of lycopene was found to have a 40%
reduction in UV-induced erythema, indicating its photoprotective
properties. As a result, scientists have previously assessed how
lycopene pre-exposure affected UV-B irradiated human
keratinocytes. It was concluded based on their findings that
lycopene may be able to restore photodamaged cells, depending on
the severity of the damage [49]. Additionally, a research conducted
in vitro has demonstrated that lycopene's anti-inflammatory
properties enhanced the antioxidant properties of ascorbic acid and
a-tocopherol [50].

Polyphenols

Fruits, vegetables, cereals, chocolate, coffee, tea, and wine are foods
that contain polyphenols, which have a strong antioxidant activity
[11].

Turmeric spice contains a polyphenol called curcumin, which has
anti-inflammatory and antioxidant properties by blocking NF-kB
and scavenging free radicals [10, 18]. It was shown to have the
ability to slow down the aging process in albino Wistar rats by
inhibiting age-related alterations in inflammatory indices [51]. Even
though numerous studies have discussed the health benefits of
curcumin and while some authors have even reviewed it, nothing is
known about its use in the cosmetic industry [52].

Notably, green tea contains the largest concentration of tea
polyphenols, primarily epicatechins, which have been shown to
reduce oxidative stress and inhibit UV-B-induced inflammation [10].
In several lab animal models, Katiyar has investigated the role that
topical application or oral ingestion of green tea polyphenols play in
preventing chemically or UV radiation-induced skin cancer [53].
After a 12 w period of consistent consumption, polyphenols
improved the elasticity, roughness, scaling, density, and UV-induced
erythema by 25% [54].

Additionally, grapes are an excellent source of polyphenols,
specifically anthocyanins, flavonols, and proanthocyanidins, which
are classified as flavonoids; non-flavonoids include hydroxybenzoic
acids, hydroxycinnamates, and stilbenoids, such as resveratrol [55].
During the wine-making process, its seeds, skin, and stems can be
extracted. These parts include a multitude of phenolic compounds
that exhibit anti-inflammatory, antioxidant, anticancer, anti-ageing,
and antibacterial properties [56].

Minerals

Minerals included in food products, such as copper, zinc, and
selenium, have significant effects on skin function. According to
Souyoul et al. (2018), copper can be found in grains, meat, fish, nuts,
and seeds [42]. Through its significant function in collagen
formation as a cofactor in enzymatic reactions during collagen
crosslinking with lysyl oxidase, it increases keratinocyte and
fibroblast proliferation, which facilitates skin rejuvenation. Its
involvement in topical therapy for wound healing is justified by its
anti-inflammatory and antibacterial qualities [57].
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According to Souyoul et al (2018), zinc is a crucial component for
cellular defense and function [42]. It also guards against UV-induced
cytotoxicity and lipid peroxidation. It is utilized as a supplement to
treat specific dermatological problems because of its anti-
inflammatory properties and ability to block UV rays. According to
Driscoll et al. (2010), it is critical for skin function since it is a
prerequisite for keratinocyte differentiation and epidermal
proliferation. Zinc is abundant in whole grains, red meat, shellfish, and
cereals [57]. Meat and shellfish are examples of animal proteins that
contain selenium. It is regarded as a necessary mineral that stabilizes
cell membranes and protects DNA from deterioration. More precisely,
according to Souyoul et al. (2018), selenium facilitates the removal of
harmful lipid hydroperoxides produced during oxidative stress [42].

Omegas

Long-chain polyunsaturated fatty acids, or essential fatty acids, are
classified as omega-3 (produced from linolenic acid) and omega-6
(derived from linoleic acid). These components, which can lessen
UV-induced inflammation, are mostly found in oils, such as canola
oil, cold-water fish, nuts, and seeds [10, 42]. Additionally, they aid in
the creation of intracellular lipids in the stratum corneum, which
contributes to the structure, flexibility, and functionality of cell
membranes [58]. It was reported in a study that over the course of
three months, the use of an omega-3-rich fish oil supplement helped
to decrease UV-B-induced inflammation [10].

Amino acids and peptides

Collagen is the typical source of bioactive peptides utilized in
cosmetic formulations due to its higher solubility and bioavailability
than the entire protein. Bone broth is one of the few foods that
genuinely contains an accessible form of collagen. Most of the other
food sources merely contain antioxidants and other components to
enhance the synthesis of collagen. Chondroitin sulfate, keratin
sulfate, glycosaminoglycans (GAGs), and hyaluronic acid (HA) make
up the bone matrix component [59]. As one of the most prevalent
proteins in humans, collagen can be found in every tissue. There are
at least 28 distinct varieties of collagen known to exist [60]. About
90% of the dermis contains collagen types I and III, which are crucial
for preventing skin aging [61]. According to Raab, Yatskayer, Lynch,
Manco, and Oresajo (2017), collagen is the main structural
component of skin extracellular matrix (ECM) and serves a
functional purpose [62]. Nonetheless, it is believed that during
digestion, proteins such as collagen are broken down into amino
acids, thereby casting a doubt on their effectiveness when taken
orally Consequently, nutritional supplements containing fish
collagen hydrolysates-whose effectiveness on skin qualities has
already been demonstrated—are the most popular method of
obtaining collagen [63].

Collagen peptides taken orally have also been shown to help restore
UV-damaged skin [64]. As Hayluronic Acid (HA) maintains the
elasticity, firmness, and volume of skin layers, it is important for skin
antiaging and for maintaining the health of the skin by retaining
water. HA fills the space around collagen fibers [62]. According to
Pérez-Sanchez, Barrajon-Catalan, Herranz-Lopez, and Micol (2018),
bioactive proteins like collagen, elastin, and fibronectin interfere
with wrinkle healing, skin thickening, and skin firming, supporting
the anti-ageing claims of commercial formulations based on these
actives. In addition to these qualities, they can also induce lipolysis
and regulate the formation of melanin [65].

Table 2: Some of the biological properties of the most common antioxidants used for cosmetic purposes

Antioxidant An effect on the skin Reference
Vitamins:

L-ascorbic acid Increases collagen level in dermis [40]
a-tocopherol Reduces UVB-induced lipid peroxidation

Retinol Reduces wrinkles, fine lines and hyperpigmentation by peeling action

Carotenoids

Beta-carotene and Lycopene Protects proteins, lipids and DNA from oxidation [44]
Polyphenol [53]
Curcumin Anti-oxidant, immunomodulatory, anti-inflammatory, and antiseptic
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Clean beauty and vegan cosmetics

Growing trends in the cosmetics sector include clean beauty and
vegan cosmetics, but they must deal with a complicated web of laws,
certifications, and labeling specifications. Maintaining consumer
trust and adhering to legal requirements depend on these regulatory
processes making sure that brand statements are truthful,
supported, and transparent.

Cosmetics made without dangerous substances are referred to as
"clean beauty,” and they usually prioritize safety, sustainability, and
openness. Since there isn't a single, widely agreed-upon definition of
"clean beauty,” it can be difficult for firms to make claims about it
without violating legal requirements. Regulatory agencies frequently
demand unambiguous proof of these assertions [66].

The FDA in the United States and the European Medicines Agency
(EMA) in the European Union are two examples of national agencies
that regulate cosmetics in the majority of regions. As such, companies
that make claims regarding "clean” chemicals must make sure that
these statements do not deceive customers. The FDA mandates that
cosmetics and their chemicals be safe for use, but it does not define
"clean beauty.” A product must provide evidence to support any claims
it makes about being free of specific substances, such as phthalates,
sulfates, or parabens. Clean beauty brands in the US should refrain
from using terms like "natural” or "organic" unless the product
satisfies certain requirements (such as USDA Organic). While
regulation European Cosmetics (EC) No 1223/2009, which establishes
safety requirements for ingredients, labeling, and claims, governs
cosmetics in the European Union (EU). Even though the EU has more
stringent regulations on ingredients than the US, the term "clean
beauty” is not yet officially defined by the law. Brands must refrain
from making unsupported claims regarding the environmental impact
or substances in their products. In order to support their claims, clean
beauty products could also look for third-party certifications.
Credibility is offered by these certifications, which also meet customer
demands for environmental responsibility and safety. USDA Organic
Certification and Environmental Working Group (EWG) Verified are
two examples of these certifications [67].

On the other hand, Cosmetics that have not undergone animal
testing or contain materials obtained from animals are known as
vegan cosmetics. Additionally, regulatory agencies have specialized
rules for vegan products, especially when it comes to using
substances that aren't derived from animals and testing on animals.

Although there isn't a single, widely accepted vegan certification,
cosmetics that make the claim to be vegan must follow specific
labeling guidelines. When it comes to product labeling, brands need
to exercise caution. While the USFDA does not control the term
"vegan," it does mandate that any statements regarding the lack of
substances derived from animals be accurate and not deceptive. A
product must be free of substances like beeswax, lanolin, or carmine

Nanotechnology based
Drug Delivery Systems
utilized in Cosmetics &
Dermatology
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in order to be classified as vegan. Accurate ingredient lists and
supporting documentation are required for any such claims. The
EU's regulations, on the other hand, do not use the term "vegan" and
instead concentrate on outlawing animal testing. But when it comes
to regulating cruelty-free claims and prohibiting animal testing, the
EU is more forward-thinking, particularly since the European
Commission completely outlawed animal testing for cosmetics in
2013. Companies that sell in the EU are required to refrain from
making false statements and provide evidence that no substances
originating from animals are used in their products [67].

Brands can support their vegan claims with a number of third-party
certifications, including PETA Cruelty-Free Certification, Vegan
Society Certification, and Leaping Bunny Certification.

Nanotechnology in cosmetics

The process of sorting, combining, and cutting materials with sizes
between one and one hundred nanometers (1 nm = 10 m) is known
as nanotechnology. Compared to materials with larger sizes, the
nanoparticles utilized in formulations have a substantially bigger area
surface/mass unit ratio, which results in increased activity. As a result,
nanoparticles are used more often in pharmaceutical and cosmetic
formulations. Major investments in the field of nanotechnology have
been made by the US, Europe, Japan, Russia, China, India, and Brazil.
The creation of vaccines and antimicrobials, targeted drug delivery for
cancer therapy and diagnosis, packaging, cosmetics, nano-electronics,
and analytical equipment development are a few of the most
significant uses of nanotechnology [68]. Because of the benefits of
nanoparticles in the medicine, dermatology, and cosmeceutical
sectors, nanoscale techniques are typically employed.

The application of nanotechnology to the field of cosmetology and
the prevention, diagnosis, and treatment of different skin problems
is known as nano dermatology. Sunscreens, moisturizers, anti-aging
formulas, phototherapy, anti-sepsis, antioxidants, hair and nail care,
antimicrobials, and skin fillers are a few of the most important uses
of nanotechnology in dermatology and cosmetics [69].

Today, with the advancements in nanotechnology, the cosmetics
industry values engineered nanoparticles for a variety of purposes,
such as excipients, transporters, and active components. Because of
their tiny size and precise optical properties, nanomaterials are
better able to penetrate deeper skin layers, which increases product
efficiency. Other benefits of using them in cosmetic product
formulations include lower constituent amounts, reduced toxicity
(some nanomaterials have antioxidant properties), and improved
stability of the active ingredients [70].

Delivery systems using nanotechnology for cosmetics and
dermatology

Different types of nanotechnology-based drug delivery systems used in
different cosmetics and dermatology applications are presented in fig. 3.

& Dendrimers N

Nano crystals
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Nano lipid carriers
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Fig. 3: Different kinds of drug delivery systems based on nanotechnology used in dermatological and cosmetics applications
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Liposomes are globular, closed-colloidal vesicles with a core aqueous
area surrounded by a lipid bilayer that is often high in
phosphatidylcholine. Phosphatidylcholine, which has been used in
many skin and hair care products because of its moisturizing and
emollient qualities, is one of the main components of liposomes.
Nano-liposomes are used in cosmeceuticals that contain both
synthetic and phytoactive ingredients, such as sunblock, hair
treatments, and skin moisturizers [71].

Solid lipid nanoparticles are greasy lipid droplets stabilized by
surfactants. They are extensively utilized for carrying compounds
that are both hydrophilic and lipophilic.

Nano-structured lipid carrier particles are prepared by the fusion of
solid lipids with oils and have increased the loading capacity of
active ingredients [72].

Nanocrystals are crystalline aggregates with a crystalline cluster of
hundreds of atoms with sizes in the range 10 to 400 nm. They are
specifically designed for the delivery of active substances that are
poorly soluble [73].

Microporous beads used in micro sponges are utilized to release
topical actives under controlled conditions [74].

Dendrimers are incredibly small organic chemical particles that have a
semi-polymeric tree-like structure and measure between 2 and 10 nm.
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Niosomes are tiny, unilamellar nanostructures that range in size
from 10 to 100 nm. They are made up of layers of non-ionic
surfactants in lamellar a phase surrounding a core aqueous hollow.
Antioxidants such as ascorbic acid, resveratrol, and ellagic acid can
be safely delivered via the skin using niosomes [75].

A nano capsule is a nanoscale shell vesicular structure that encloses an
inner liquid core at the nanoscale. It is composed of a non-toxic
polymeric membrane. The cosmetics are based on nanocapsules. To
increase the impact of their cosmetics, the French corporation L'Oreal
produced a product in 1995 that salient had dermatological uses [15].

There have been a lot of reports documenting the high antibacterial and
antifungal activities of silver and gold nanoparticles; they are widely
utilized in cosmeceuticals, where they are used to make anti-aging
lotions, face packs, and deodorants. Nowadays, toothpastes, soaps, face
creams, textiles, food packaging, household appliances, disinfectants, and
wound dressings all contain silver nanoparticles [15].

Recently, carbon nanotubes have been adopted by the
cosmeceuticals industry as a unique technology, especially for skin
care. Carbon nanotubes on their own, function as an antioxidant,
much as fullerene [76].

The benefits of several delivery methods used in cosmetic
applications are compiled in table 3, with an emphasis on their
important advantages.

Table 3: Advantages of different delivery systems used in cosmetics applications

Delivery system Advantages Reference
Liposomes -Enhanced bioavailability: Liposomes improve the skin's ability to absorb active substances. [71, 86]
-Reduced irritation: Sensitive chemicals can be encapsulated in liposomes to prevent skin irritation.
-Controlled release: Long-lasting effects are produced by the slow release of active substances
Nanoparticles -Improved penetration: For greater effectiveness, smaller particles can reach deeper skin layers. [68]
-Stability enhancement: Prevents the deterioration of delicate substances (such as UV-sensitive chemicals).
-Targeted delivery: can be utilized to precisely distribute active ingredients to particular skin layers or regions.
Microspheres -Prolonged release: prolongs the product's benefits by delivering components gradually. [74]
-Reduced irritation: Because the active components are encapsulated, there is less direct skin contact, which
lessens discomfort.
Nanosomes -Increased solubility: Water-insoluble substances become more soluble thanks to nanosomes, increasing [71]
their potency.
-Enhanced absorption: The uptake and bioavailability of active substances are enhanced by nanosomes.
Solid Lipid -Improved stability: SLNs prolong the shelf life of components by preventing oxidation. [80, 84]
Nanoparticles -Reduced irritation: The delivery is mild thanks to the thick lipid matrix, which reduces discomfort.-
(SLNs) Controlled release ensures long-lasting benefits by providing a regulated release of active substances.
Polymeric -Targeted delivery: increases the accuracy of treatment by enabling distribution to certain skin cells or [84]
Nanoparticles tissues.-Protection of sensitive actives: Protects delicate materials from air and light by encasing and
protecting them.
Emulsions (Oil-in- -Enhanced hydration: Emulsions increase skin hydration by forming a barrier that stops moisture loss.- [83]
water, Water-in-oil) Stability: Emulsions enhance the product's texture and feel while stabilizing formulas.

Although nanomaterials have several advantages for cosmetic goods,
their application raises a number of safety issues, chief among them
being their possible toxicity and biological interactions. The
possibility of toxicity is one of the main issues with the use of
nanomaterials in cosmetics. Nanoparticles have the ability to enter
the skin more readily than traditional components because of their
small size, which may result in systemic exposure. The potential for
these substances to reach the bloodstream and build up in tissues,
where they could eventually have negative consequences, is a worry.
Cellular toxicity and skin penetration are two of the main human
safety issues that need to be considered [15].

On the other hand, the use of nanoparticles in cosmetics has
environmental problems in addition to human health ones.
Nanoparticles are more reactive and able to interact with their
surroundings due to their small size and large surface area.
Cosmetics that contain nanomaterials have the potential to build up
in the environment and harm aquatic life when they wash off into
water systems. Furthermore, little is known about the long-term
impacts of nanoscale particles on ecosystems, which makes it
difficult to ensure that their usage in commonplace products is
sustainable [15].

Nowadays, a lot of Cosmetic Products prepared using
Nanotechnology are available in the market. Such as Neutrogena®
Ultra Sheer Dry-Touch Sunscreen SPF 100*as a sunscreen. Olay
Regenerist Micro-Sculpting Cream as Anti-Aging and Wrinkle-
Reducing Creams, Lip Smacker® Lip Balms with Nano-Lipids as a
Lip Care Products, L'Oréal Paris Revitalift Bright Reveal Brightening
Moisturizer as a Skin Lightening and Brightening Creams [15].

Application of nanomaterials in cosmetics and dermatology

The application of nanotechnology in cosmetics is illustrated in fig. 4. The
highlighted applications are discussed in the following subsections:

Nano sunscreens

Due to their small sizes, nanoparticles are highly advantageous for
ultraviolet (UV) protection. So, sunscreen can now be made
transparent instead of white by using micro-and nano-sized UV
filters, such as zinc oxide and titanium dioxide. Their composition is
altered at the nanoscale, giving them an undetectable appearance
and better cosmetic results. These compounds can scatter, absorb,
or reflect ultraviolet light. As physical sunscreens they can filter out
type A and type B UV rays. Nevertheless, these formulations do have
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certain disadvantages such as the need for a greasy medium for
breakdown, the production of chalky white skin residues, and the
appearance of a thick, dense consistency [77].

Barrier creams with nanotechnology

The stratum corneum's ability to shield the skin against some
irritants, such as allergies, chemotherapeutics, or dermatitis, may
not be sufficient [78]. Compared to moisturizers with a high lipid
content, nanoparticulate barrier lotions are more effective at
preventing the skin from losing water, hence lowering the possibility
of irritant hand eczema [79].

Nanocosmetics as products to avoid acne

Solid lipid nanoparticles loaded with neem oil demonstrated a long-
lasting impact and generated antibacterial activity against acne-causing
bacteria. Produced by Nano Cyclic Inc, the pink soap Nano Cyclic
cleanser is a scientifically balanced mixture of natural chemicals and
nano silver with claims that it helped to eliminate acne-causing germs
and fungus, reduce age spots, and heal sun-damaged skin [80].

Nano moisturizers

Moisturizers are an essential therapeutic element in the treatment of
several skin disorders, including psoriasis, eczema, pruritus, and aging
skin. Generally, ceramide levels are lower, and ceramide patterns are
changed in diseased skin. Unfortunately, the conventional emollients
to have been unable to effectively transport active ingredients across
the skin layers. In contrast, novel colloidal drug carrier systems called
nano-emulsions can adequately replenish the ceramides of sick skin,
particularly in cases of atopic dermatitis.

Nanotechnology in anti-aging formulations

Different factors are responsible for the ageing or physical
deterioration of the skin. These includes reduced oil production, dry
skin, loss of texture, age spots, and loose skin. The thinning of skin,
resulting from aging often leads to the development of wrinkles.
However, improved skin biocompatibility, enhanced photoaging,
and enhanced anti-aging potential were demonstrated by
biocompatible nano-lipoidal carriers of isotretinoin. Particularly, soy
isoflavones deposited in the dermal matrix were found to be more
effective and exhibits greater penetration into the stratum cornea
when they were in the form of solid lipid nanoparticles [81, 82].

Nano-antioxidants

Antioxidants are compounds that neutralize free radicals and
harmful oxygen molecules, protecting cell membranes and
preventing oxidative stress from the body's tissues. In the cosmetics
industry, antioxidants are used to reduce wrinkles and slow down
the aging of skin caused by UV light. To maximize the action of
antioxidants, various nanocarriers have been proposed that aim to
improve the stability and delivery of antioxidants onto the skin.

Compared to traditional passive delivery, nanocarriers have several
benefits, including a larger surface area, greater solubility, enhanced
stability, regulated release, decreased skin irritation, and protection
against degradation. Using octyldodecanol, egg lecithin, and water,
topical nano-emulsions containing quercetin or Achyrocline
satureioides extract with improved skin retention and antioxidant
activity were created [83].
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Antiseptics with nanomaterials

The field of antiseptics has utilized different nanomaterials, and
several chemicals, such as silver, bare Titanium Dioxide (Ti02), and
chlorhexidine gluconate, have been employed as antiseptics in nano
formulations. Particularly, substances, such as silver and
chlorhexidine gluconate have been added to nano-formulations that
have stronger antibacterial properties. By using the interfacial
deposition technique, a polymeric nano capsule filled with
chlorhexidine and possessing enhanced antibacterial action was
created. Likewise, improved antimicrobial action was facilitated by
solid lipid nanoparticles of silver [84].

Nanocosmetics for hair disorders

The use of nano-emulsion to encapsulate active ingredients has drawn
attention to nanotechnology drug delivery systems for the treatment
of hair disorders such as alopecia areata and rogenetica. These
systems carry active ingredients deeper into the hair follicle openings
and may serve as a depot for prolonged drug release within the hair
follicle. With no negative side effects, an anti-dandruff shampoo made
with solid lipid nanoparticles of garlic as an antifungal ingredient
proved to be more successful in treating dandruff on the scalp and
hair. Similarly, improved silicone oil deposition on the hair's surface,
coupled with lubricationg and moisture preserving actibities were
demonstrated by the silicone oil-in-water nanoemulsions [85].

Nano-nail cosmetics

A promising new market in cosmetics and wellness is nano nail care.
Nail cosmeceuticals based on nanotechnology have several benefits
over traditional goods. For example, the use of silver and metal oxide
nanoparticles with antifungal activity in nail polish for both
therapeutic and cosmetic purposes in the treatment of onychomycosis
is a novel approach. According to a study, nail paints containing
nanoparticles increase the toughness, impact resistance, and mar
resistance of mammalian nails. Therefore, the incorporation of
nanoparticles with antifungal activity into nail polish holds immense
potential for treating fungal nail infections. Specifically, for the case of
fungal nails, liposomes coated with terbinafine hydrochloride
exhibited improved antifungal efficacy [85].

Nanocosmetics for lip care

Lip cosmetics is another growing nano-sector. According to a patent
filed by a Korean research institute, different colored pigments can be
made by combining silver and gold nanoparticles in different ratios.
The color of this formulation can be maintained for a comparatively
longer period of time. Plant betalains are more effective and stable in
storage when they are nano-encapsulated in lip care products.
Similarly, better stability and antioxidant qualities were demonstrated
by lipsticks containing rice bran oil liposomes [86].

Nano-skin cleanser

The use of skin cleanser actively contributes to maintaining healthy
skin. Odor production is reduced by skin washing since it directly
promotes the elimination of bacteria from the skin's surface.
However, lauric acid liposomes at the nanoscale have shown
enhanced antibacterial efficacy against acne. This is based on the
ability of lauric acid and curcumin niosomes to enhanced
antibacterial activity of products against skin infections [87].

Applications of Nanomaterials in Cosmetics and Dermatology
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Fig. 4: Different applications of nanomaterials in cosmetics and dermatology
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Significant environmental issues are brought up by the growing
usage of nanomaterials in cosmetics, especially in light of their
possible ecological hazards and biodegradability. The possibility of
nanoparticles building up in the environment, particularly in aquatic
settings, where they could interact with aquatic life, is one of the
main worries. Because of their small size and high reactivity,
nanoparticles can potentially pass through biological membranes
and have unforeseen consequences for animals, particularly in terms
of toxicity or bioaccumulation. For instance, research has indicated
that nanoparticles like titanium dioxide and silver may be harmful to
aquatic life, such as fish and algae.

The biodegradability of nanoparticles is another problem.
Nanoparticles might not decompose in the environment as quickly
as larger particles do, which could result in long-term environmental
persistence. Certain nanomaterials, especially those derived from
metals like zinc and silver, are not biodegradable and may
eventually build up in soils and water, endangering both the
environment and living things. Furthermore, it is challenging to
evaluate the long-term effects because the relationship between
these compounds and natural ecosystems is still little known.
Although some materials, such as carbon-based nanoparticles, might
have better environmental profiles, others could endanger
biodiversity if they build up in soil or water [88].

Aware of these issues, the cosmetics industry has been encouraging
sustainable procedures in an effort to mitigate the environmental
effects of employing nanomaterials. Some businesses, for example, are
using biodegradable nanoparticles and carrying out more thorough
environmental effect analyses. But, because of the intricacy of
nanoparticle behavior in the environment, researchers and regulatory
agencies are still looking for strategies to control these dangers, such
as creating more precise rules for the appropriate application of
nanotechnology in cosmetics. In conclusion, even if nanoparticles have
a lot to offer the cosmetics sector, there are risks to the environment
that must be disregarded, and further research is necessary to make
sure that using them doesn't jeopardize ecological health [89, 90].

Market adoption is greatly influenced by consumers' perceptions of
"nano" as a buzzword, which frequently presents a double-edged
sword for the cosmetics sector. On the one hand, "nano" is
frequently linked to innovation, cutting-edge technology, and
exceptional performance, which can draw in customers looking for
high-end, cutting-edge goods. Because of their improved capacity to
permeate the skin or more effectively transport active substances,
many consumers believe that goods based on nanotechnology are
more effective. Demand for goods that promote "nano" technology
may increase as a result of this impression, particularly in fields like
sun protection and anti-aging, where the prospect of improved
outcomes and deeper absorption is alluring [91, 92].

CONCLUSION

The cosmetics sector is still expanding at an impressive rate suitable
to changing customer preferences, technological breakthroughs, and
a greater focus on sustainability and innovation. The growing
market demand for premium cosmetics is highlighted in this review,
along with the revolutionary role that nanotechnology plays in
creating better formulas. It also highlights the increasing importance
of cosmetics made from natural ingredients in response to customer
demand for morally and environmentally responsible substitutes.
Integrating sustainable practices and cutting-edge technologies
must be a top priority for researchers and industry professionals in
order to guarantee long-term growth and global competitiveness.
While market-wide regulatory harmonization can expedite product
development and guarantee safety, nanotechnology advancements
should concentrate on reducing environmental concerns. The
cosmetics business may maintain its success while satisfying the
expectations of a more ethical global market by coordinating
innovation with customer wants and sustainability objectives.
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